A systematic analysis of Higgs-mediated contributions to the B d and Bs mass differences is presented in the MSSM with large values of tan β. In particular, supersymmetric corrections to Higgs selfinteractions are seen to modify the correlation between ∆Mq and B(Bq → µ + µ − ) for light Higgses. The present experimental upper bound on B(Bs → µ + µ − ) is nevertheless still sufficient to exclude noticeable Higgs-mediated effects on the mass differences in most of the parameter space.
Introduction
If supersymmetry (SUSY) were exact, the two Higgs doublets of the Minimal Supersymmetric extension of the Standard Model (MSSM) would not be able to mix, and one of them only, H u = (h , would interact with down-type quark singlets. As SUSY-breaking is required to be soft, this peculiar Yukawa structure actually holds at tree-level, and the dangerous flavour-changing neutral currents (FCNC) that can be generated after spontaneous electroweak symmetry breaking by the coupling of the quarks to the "wrong" Higgs are loop-suppressed:
in the quark mass eigenstate basis, with the abbreviations c β ≡ cos β, s β ≡ sin β, and, under the Minimal Flavour Violation (MFV) assumption,
with ε Y , a loop factor, t β ≡ v u /v d , the ratio of the two Higgs vacuum expectation values (VEV), and v 2 ≡ v 2 u + v 2 d . Note that the local effective interaction Eq.(1) supposes the scale hierarchy M SUSY ≫ v. The loop factor ε Y is then essentially driven by squark and higgsino intermediate states (see Fig.1a ). Its effect is however non-decoupling in the limit M SUSY → ∞ as the induced effective operator has dimension-four (see e.g. Refs. [2] [3] [4] [5] for details). For large t β , one can see that the loop suppression is compensated, opening the door to large Higgs-mediated effects in flavour physics [2, 6] .
A clean signature of this scenario was proposed in Ref. [3] , which predicted a decrease of the mass difference in the B s − B s system, ∆M s , with respect to its Standard Model value, in direct correlation with an increase of the B s → µ + µ − branching fraction. Interestingly, as first noted in [1, 2] , the a priori dominant Higgs-mediated contribution to ∆M q (see Fig.2a 
where α denotes the CP-even Higgs mixing angle and M H,h,A , the neutral Higgs masses, actually vanishes when tree-level Higgs mass relations are implemented. The aforementioned correlation was then derived flipping the chirality of one of the external b quarks:
which costs a factor of κ * qb /κ bq = m q /m b . The subject of the work reported here [7] is the systematic identification and computation of all contributions that present one suppression factor with respect to the superficially dominant term Eq.(3), and should thus be added to Eq.(4) before concluding on the correlation between ∆M q and 
∆M q anatomy for large tanβ
In order to properly identify the relevant contributions, let us have a closer look at the cancellation in Eq.(3). The treelevel Higgs mass matrices follow from the potential
where
denote softbreaking terms, µ is the supersymmetric Higgs mass parameter, and
In particular, we have:
Consequently, for large t β (that is to say, v d → 0) and fixed M A , Bµ tends to zero, and, as the h 0 u FCNC coupling in Eq.(1) also vanishes, the two-Higgs doublet model (2HDM) composed of Eqs. (1) and (5) becomes invariant under the Peccei-Quinn-type symmetry with charge assignments [4, 8, 9] 1 :
The cancellation in Eq.(3) now follows (at least in the v d → 0 limit) from the fact that the corresponding amplitude, with two right-handed external b quarks, requires a change of the PQ charge by two units (see Fig.2b ), and therefore cannot be generated by tree-level Higgs exchanges. Non-zero contributions are then obtained -either allowing the conservation of the PQ charge, which can be done by (i) flipping the chirality of one of the external b quarks, as said before (Fig.3a ) [3] ; (ii) avoiding the suppressed b L q R h 0 d FCNC coupling but allowing for one loop in the effective 2HDM (Fig.3b) . The diagram corresponding to this second possibility is readily computed from Eqs. (1) and (5) in the large t β limit, and found numerically small. Note that charged Higgs effects are suppressed under our approximations [3, 4] .
-or providing a breaking of the PQ symmetry via (iii) sparticle-loop corrections to the tree-level effective potential V (0) (Fig.3c) ; (iv) higher-dimension quarkHiggs effective operators (Fig.3d ). These cost a SUSY loop, like the dimension-four effective coupling of Fig.1a . Then, as the only place where this loop can be compensated by a large t β factor is the modification of the expression of the quark interaction eigenstates 1 Note that this symmetry is not spontaneously broken for Corrections (iii) have been analyzed recently [10, 11] . Their size is however subject to controversy. We thus go through them again in the next section.
SUSY corrections to the Higgs potential
Sparticle loop corrections to V (0) are determined at the one-loop level via a matching calculation on the most general dimension-four 2HDM potential for M SUSY ≫ v:
where m 2 12 and λ 5,6,7 may be complex. Such a computation was actually already performed in the context of the corrections to the lightest Higgs mass M h . The explicit expressions for the λ's available in the literature [12] , however, assume various approximations such as degenerate squark soft-breaking parameters or real trilinear terms. These were removed in the computation of the Higgs mass matrices [13] , but an updated list of λ's including the effects of all sparticles for arbitrary flavour structure has to our knowledge not been published. Yet ∆M RR q in Eq.(3) takes a particularly transparent form when working in the Higgs interaction eigenstate basis, being directly related to the U (1) P Qviolating Higgs self-couplings λ 5 and λ 7 , see Eq.(13). We
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The MSSM Higgs sector and B − B mixing for large tan β thus performed the matching again, keeping arbitrary 3 × 3 soft-breaking matrices. Particular attention was paid to the definition of the Higgs fields in the effective 2HDM, closely related to the definition of t β , as we now briefly explain.
We chose to renormalize the MSSM parameters m 
induced by the matching of the two-point Green functions into the canonical form. We then have:
where δZ 21 ≡ δZ ud , δZ 12 ≡ δZ * ud , etc. Now, we take advantage of the freedom to change the Higgs basis [14] ,
where δH is an arbitrary 2×2 hermitian matrix and H . (12) The effects of the corrected Higgs masses and mixings on the "flipped" amplitude Eq. (4) are not essential, and we will ignore them here for simplicity. In the large t β limit, we then have:
In contrast, these effects are of course crucial for the "nonflipped" amplitude Eq.(3), given for large t β to a good approximation by:
in the absence of new CP-violating phases. The above quantity is generated via the PQ-symmetry breaking brought about by the µ parameter at loop-level. To be explicit, in the case of λ 5 , we obtain (within MFV and discarding the small contributions from the first two generations, as well as those proportional to g ′ ):
with the loop function
A typical contribution is depicted in Fig.1b . In Ref. [10] , the corrected masses and mixings in Eq.(3) were determined using the FeynHiggs package. We disagree numerically with the obtained results. We also do not reproduce the pole singularity for M h =M H found in Ref. [11] . From our analysis, it emerges that the source of the non-vanishing of ∆M RR q is to be found in the Higgs self-couplings λ 5 and λ 7 for large t β , related to CP-even Higgs mixing self-energies.
Numerical analysis
As we already mentioned, Eq. (13) is responsible for a decrease of the B s − B s mass difference, while ∆M d is basically unaffected due to κ db ∼ m d [3] :
with
The loop factors ε 0 , ε Y and ε 3 ≡ ε 0 + y 2 t ε Y may be found in Refs. [5, 11] , including the effects of the electroweak couplings g and g ′ . The new contribution Eq. (14), on the other hand, increases both ∆M s and ∆M d (note that λ 5 and the bag factor P SLL 1 are both negative): . The effective couplings in Eq.(19) are also not very large. To get an idea of their size, the residual λ 5 value for M SUSY → ∞ is given by
The "non-flipped" contribution ∆M
RR q
can still be relevant for small M A (i.e., < 200 GeV). However, in that case, the 
with C s = 3.9 10 −5 and C d = 1.2 10 −6 , suppressing the overall effect in ∆M q (see Fig.4 ). In other words, the correlation between B(B q → µ + µ − ) and ∆M q can be modified, but this does not spoil the conclusion derived in Refs. [17] that the present data on B(B s → µ + µ − ) already exclude visible effects in ∆M s (it actually reinforces it, see Fig.4 ), while a similar conclusion can be reached for ∆M d .
Non negligible effects compatible with the B q → µ + µ − constraints are not excluded in some corners of parameter space, for large µ and large a-terms. However, they again require light Higgses, which is in any case disfavored (and partly excluded) by the observed B → τ ν branching fraction. A small window for very light CP-odd Higgs mass is still allowed for large t β , but corresponds to the somewhat fine-tuned scenario where charged Higgs effects in B → τ ν interfere destructively with the Standard Model amplitude, and are about twice its value.
Conclusion
We have performed a systematic analysis of Higgs-mediated contributions to ∆M q in the MFV-MSSM with large tan β and sparticles at the TeV scale. For M A > 200 GeV, no new effect is found. For small M A , SUSY loop corrections to the Higgs self-interactions can (moderately) modify the correlation between ∆M q and B(B q → µ + µ − ). The present experimental upper bound on B(B s → µ + µ − ) is however still sufficient to exclude visible Higgs-mediated effects on ∆M q in (practically) all parameter space. The precise measurements of ∆M q are then to be used more as a normalization to avoid the large uncertainties related to F Bq and V tq when using B q → µ + µ − to probe the MSSM in the large t β regime.
